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Very high oxide ion conductivity in Na-doped SrSiO 3 materials Sr 1−x Na x SiO 3−0.5x (0 < x ≤ 0.45) has recently been claimed, making these materials promising candidate electrolytes for intermediate temperature solid oxide fuel cells. We demonstrate, by a combination of laboratory powder X-ray diffraction (PXRD), powder neutron diffraction (PND), impedance measurements, SEM, 29 Si solid state NMR and quantification of amorphous content by Rietveld analysis, that the materials with these nominal compositions are two-phase mixtures containing one crystalline phase and a significant amorphous component. No significant Na doping into SrSiO 3 and hence no significant levels of oxide vacancies are found from Rietveld analysis of high-resolution neutron diffraction data. Conductivity of the samples increases systematically with increasing amorphous content, suggesting that the glassy phase is responsible for the conductivity observed rather than single-phase Sr 1−x Na x SiO 3−0.5x materials.
Recent report of very high oxide ion conductivity in K-and Na-doped SrSiO 3 by Singh and Goodenough has placed these materials at the forefront of the search for promising candidates for electrolytes in intermediate temperature solid oxide fuel cells (IT SOFCs). [1] [2] [3] [4] [5] The exceptional transport properties were correlated with neutron diffraction based conclusions that K and Na get stoichiometrically doped into SrSiO 3 , creating large numbers of O 2 vacancies and giving rise to oxide ion conduction. 4 Most recently, excellent performance of the Sr 1−x Na x SiO 3−0.5x (x=0.45) composition in a fuel cell was reported. 6 However, a very recent publication on related K-and Ge-doped SrSiO 3 (which we became aware of during the final preparation of this manuscript), reported a direct investigation of oxide ion diffusivity of a nominal Sr 0.8 K 0.2 Si 0.5 Ge 0.5 O 2.9 composition by Isotope Exchange Depth Profiling (IEDP) and Time-of-Flight Secondary Ion Mass Spectrometry (ToF-SIMS), which found no evidence of O 2 diffusion. In addition, sub-micron elemental mapping revealed a chemical inhomogeneity of the sample. 7 Our work has focussed on a systematic study of Na-doped SrSiO 3 materials (nominally Sr 1−x Na x SiO 3−0.5x , x=0; 0.1; 0.2; 0.3; 0.4) by a combination of laboratory powder X-ray diffraction (PXRD), variable temperature powder neutron diffraction (PND), impedance measurements, SEM, 29 Si solid state NMR and the quantification of amorphous content by Rietveld analysis. We conclude that x ≤ 0.4 samples contain significant amorphous material and far lower Na content than believed to-date.
Laboratory PXRD and impedance measurements were used initially to confirm that the our Na-doped materials were similar to those reported previously. 2 Bragg peaks in PXRD patterns suggest all samples are single phase materials, and could be fitted using the SrSiO 3 structural model. 8 Fig . 1 shows the conductivity vs. reciprocal temperature Arrhenius plot for Sr 1−x Na x SiO 3−0.5x , 0 ≤ x ≤ 0.4, samples, as well as the values reported for the nominal x=0.4 composition by Singh and Goodenough. 2 We note that the latter are about one order of magnitude higher; the same potential inconsistency was observed by Bayliss et al. for the K/Ge-system. 
